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ABSTRACT

An experiment was performed which investigated the
input and error correction strategies used by subjects
when entering digit strings with the Aurix' recogniser.
Subjects were allowed to control the point at which they
received feedback and corrected misrecognitions
throughout the trial. It was predicted that they would

" alter their input strategies as a result of an entry being

misrecognised. Specifically it was hypothesised that
following a misrecognition, further attempts at entry of
that data would use smaller digit input chunks, which
should increase the likelihood of success. Comparison of
the mean chunk sizes used in error-full compared to
error-free interactions showed this to be the case. Some
preliminary modelling work was also undertaken based
on the experimental results. This suggests that the
choice of input chunk size used by subjects approaches
the optimal value based on the recognition accuracy
obtained with the system.

1. INTRODUCTION

The problem of how and when to provide feedback and
error correction is both common to most ASR
applications and difficult to resolve. The issue has been
explored particularly carefully for the task of digit input,
but even here there is still considerable disagreement
amongst researchers as to when feedback is best
provided. Recent research [1] suggests that such
differences of opinion stem from researchers obtaining
results using speech recognisers which vary in aspects
such as recognition accuracy and processing time. The
use of modelling techniques can get around this problem
and can be used to predict optimum string length before
feedback is given ([2],[1]). Such work is able to
determine which input strategy is best on the basis of
the trade-off between several factors which effect
efficiency. For example it will be quicker to enter longer
strings of digits before feedback is given, than to enter
shorter strings and receive feedback each time,

! Aurix is a registered trademark of the Defence
Research Agency
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However, this speed advantage may not persist when the
effect of recognition errors is taken into account as
longer input strings are more likely to contain errors
and these will take longer to correct than those within
shorter strings. Modelling based on these parameters
shows that it is more efficient to enter longer strings of
digits when recognition accuracy is high whereas
shorter string lengths will be more efficient at lower
accuracy. For instance work by both Noyes and Frankish
[3] and Hone and Baber [1] suggests that with the task
of entering a six-digit string by voice with auditory
feedback, input string lengths of six digits will be most
efficient when recognition is above about 96%, whereas
feedback after single digits will be optimum when
recognition accuracy falls bellow this value. Similarly
Ainsworth [2] used mathematical modelling to predict
optimum input string length given the recognition
accuracy and processing time of the recogniser used.
Assuming auditory feedback he predicted optimum
string lengths of 4,2,1 and 1 digit at 95%, 90%, 80%
and 60% respectively. Subsequent experimental work
confirmed these results. Thus modelling can be an
effective way to determine the point at which feedback
and error correction should occur within an interaction,
based on the recognition accuracy expected. However,
this approach also implies that different users of the
same device may need different feedback points to
optimise performance, and more worryingly that a
single user’s optimum input string length may alter
across the course of using a device. These issues present
problems for the design of efficient systems. =

Interestingly Ainsworth [2] also applied his formula for
optimising input string length to human-human
communication of digits. With the pause times and
accuracy expected between humans the formula predicts
the use of a grouping of three to six digits at a time,
which accords well with human practice. Ainsworth’s
work also predicts that if the accuracy with which
humans can hear each others’ speech drops significantly
(for instance because of a poor quality telephone line)
they will speak digits singly, waiting for confirmation
each time. Some evidence from Clark and Schaefer [4]
suggests that this may in fact be the case. They looked at
directory enquiry conversations and noted that when a
conversation has been characterised by frequent
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misrecognitions, speakers are more likely to reduce the
number of digits per chunk of telephone number which
they communicate at a time. If such an effect could be
shown to also operate within a humans interaction with
a speech input system it could help resolve the design
issue mentioned above, that of how to design feedback
points to suit different users and recognition accuracies.
As noted above different users of the same recognition
device may need different units of feedback to optimise
transaction time if they obtain different recognition
accuracies. Furthermore, the optimum input string
length of a single user may vary over a task session if,
for instance, their quality of voice changes from fatigue
or stress as is often seen in real applications. While in
theory systems could deal with this problem by tracking
the current recognition accuracy obtained and changing
feedback position accordingly, such a set up would be
likely to confuse the user and prevent smooth task
performance. Thus if users could react to system
misrecognitions by reducing the size of digjt string they
enter at a time to increase the probability of success, it
could mean that allowing self pacing of the digit input
task could lead to efficient task performance across a
range of users and recognition accuracies, without the
need for system intervention. It would also mean that
users could adopt a strategy which they already use
extensively in human-human communication.

The current study thus investigated the situation where
subjects could choose when to initiate feedback and
error correction during digit entry. Subjects entered
strings of six digits and received visual feedback. The
digits in the feedback would appear grouped umnless
subjects paused between consecutive words, and
correction could only occur by repetition of a group of
digits. Thus a time advantage could be gained from
speaking all six digits in one string. However, if an
error occurred within the 6-digit string correction would
take longer than for shorter input groupings. Thus the
task allowed a trade-off between the kind of factors
which have been shown to effect efficiency and users
had the chance to-directly control interaction efficiency
though their choice of chunk size. It was hypothesised
that subjects would react to misrecognitions by reducing
the size of the chunks in which they entered digits.
Some preliminary modelling work was also performed
on the basis of the timings and recognition accuracies
obtained, to determine whether subjects were using
optimal input strategies.

2. METHOD
2.1 Task Design
The experimental task involved the entry of six-digit
strings (e.g. 234674) into a computer by voice. In each

trial the six digits to be entered appeared as a prompt at
the top of the screen, while to prevent feedback
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monitoring based purely on pattern matching, the
feedback appeared at the bottom of the screen. The six
digits displayed in the prompt were grouped together
without spaces between them so that subjects would not
be able to copy any particular grouping. When subjects
spoke sequences of digits without pausing (i.e. as
connected speech) those digits then appeared grouped in
the feedback. If, however, the speaker paused between
utterances, the next digit appeared at the start of a
separate digit group in the feedback. The system was
configured so that subjects could group digits by
introducing pauses of about 0.2 seconds between
utterances, as earlier research [5] suggests that subjects
are able to control the production of pauses of this
length. Thus the digits could be input either singly or in
groups of 2-6. In the event of a misrecognition
occurring digit strings could then only be corrected by
group. The command “back™ highlighted the group of
digits just entered and by starting to re-input the digits
the subject could clear the highlighted group and
continue the digit input task as before. Subjects could
also use the command “delete” to delete a highlighted
group of digits. When subjects were satisfied that they
had correctly entered a six-digit string they pressed the
enter key which cleared the feedback field and caused
the next digit prompt to be displayed at the top of the
screen.

2.2 Procedure

Subjects were told that they would perform the task of
entering digits into a computer by voice. They were
shown the prompt field and where feedback would
appear on the screen. They were then told how to use
the “back” and “delete” commands; the effect of pausing
between utterances was also explained. Subjects were
then fitted with a head mounted microphone and
performed two practice trials, in each of which ten 6-
digit strings were spoken. Any problems subjects had
were dealt with after the first practice trial so that by the
end of the second practice trial subjects were confident
that they could use the system adequately.

During the experiment subjects performed ten blocks of
trials. Each block involved the entry of 20 6-digit strings
and was begun by the subject pressing a start button.
Subjects had a short rest pause after five blocks of trials.
They were told to work as quickly as possible, but to try
to ensure that erroneous strings were not entered. The
order in which the ten blocks of prompt files were
presented was balanced across subjects and in all cases
the prompts used were derived from random number
tables.

2.3 Data Recorded

Data was logged on-line from the recogniser. This
indicated what the recognition output was, where pauses
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occurred and whether the accepted input matched the
prompt. The time from when the prompt appeared on
the screen to when the enter key was pressed was also
logged for each input string. A record was made of what
the subject actually said throughout the experiment, so
that misrecognitions and other recogniser errors could
be identified.

Records for the entry of 200 digit strings (1200 digits)
were analysed for each subject.

2.4 Equipment

The Aurix speech recogniser was used throughout. This
is a speech recognition prototyping system, based on a
speaker-independent continuous connected speech
recognition engine. As the system was speaker-
independent, subjects did not have to train the
recogniser before beginning the task. The recognition
algorithm used does adapt to the speech of individual
users, this process taking approximately 15 seconds.
The recogniser was therefore reset for each subject in
the experiment.

Both feedback and prompts were presented visually on a
colour VDU monitor. Subjects used a headmounted
SM10A Shure microphone during the experiment.
2.5 Subjects
A total of 10 subjects participated in the study, 6 males
and 4 females. None had previous experience with
speech recognition systems.

3. RESULTS
3.1 Overall Performance
Table 1 below shows a summary of the results of all
trials in the experiment, including error-free and error-

full entries for all subjects.

Table 1: summary of overall performance

Table 2: comparison of mean chunk sizes used in error
free and error-full strings

strings with | strings
error without
error
mean chunk size 1.78 2.15
variance 0.43 1,11
no. of obhservations 524 1462

There was a significant difference between the mean
chunk size used in strings with and without errors (t-
calc. =-7.56, d.f. = 1984, P<0.001).

3.3 System Performance as a function of chunk size

Table 3 below shows the mean times which were
observed for the input of a 6-digit string with mean
chunk sizes of 1, 2, 3 and 6 digits respectively; these
timings are based only on analysis of trials where the
first attempt at entry was successful, and thus represent
the basic time to enter the data before the effect of error
is taken into account. The table also shows the
probability of those different chunk sizes being
recognised successfully, based on the data from all trials
in the experiment.

Table 3: System performance by chunk size

chunk size* 1 2 3 6

mean time for 824 6.04 5.8 5.1
successful first
attempt entry
of 6- digits**

prob. of 86.7% | 78.5% | 77.3% | 67.3%
success

Mean recognition accuracy 92.05%

Mean digit entry chunk size 1.88

Mean time to enter 6 digits 11.25seconds

(Note that further analysis of the overall results, as a
function of trial number, is ongoing).

3.2 Comparison of mean chunk size used in error free
and error-full strings

Table 2 shows the mean chunk size used in input strings
which contained misrecognition errors compared to the
chunk size used in input strings which were error free.
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* Note that mean chunk sizes of 1.2 and 1.5 were also
possible but were excluded from this analysis.

**  Analysis of variance shows that these means are
significantly different (F-calc = 106.38, P<0.001)

3.4 Modelling Work

Simple modelling of the input was performed using
MicroSAINT (see Hone and Baber, 1995). Here the
basic times to enter data with mean chunk sizes of 1,2, 3
or 6 digits (taken from table 3 above) were included in a
task network model which also modelled the probability
of success (from table 3) compared to the probability of
having to enter a correction loop. For simplicity it was
assumed that all errors were corrected in a standard way
and the only factor effecting timing and success was the
chunk size to be corrected.

The modelling produced predicted transaction time
values of 7.9 seconds, 7.5 seconds, 7.6 seconds and 9.14
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seconds for input chunk sizes of 63,2 and 1 digit
respectively. Mean input chunk size actually chosen by
subjects on first attempt was 2.2 (n=1262). These results
are illustrated on the graph shown below.

Graph 1: Predicted transaction times by input chunk

size
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4.0 DISCUSSION

It had been hypothesised that subjects would adapt their
input strategies as a result of recogniser misrecognition.
Analysis of strings where no error occurred compared to
strings containing recognition error showed that
subjects used significantly shorter input chunks in the
latter case. This result implies that subjects reacted to
failure of their first attempt at input by using shorter
input strings (which had more chance of success) to re-
enter the data. Thus it seems that subjects do adapt their
input strategies as a result of their utterances being
misrecognised. This is similar to the effect observed for
human speakers with each other [3].

The results of the preliminary modelling work
performed suggests that the subjects” behaviour was
approaching optimality. Thus while the optimum
predicted input chunk size was 3, the mean chunk size
observed for first attempt at entry was 2.2. Although this
value is lower than optimum the actual difference
between predicted time to enter all 6 digits in 2-digit
chunks was only 0.1 second lower than with 3-digit
chunks (see graph 1), so user behaviour was very close
to the predicted optimum. However these preliminary
results should be treated with caution as the modelling
done was relatively simple and did not cover all of the
complexities of the input task. Specifically the
modelling assumed that subjects would perform error
correction as they went along, whereas in many
instances correction was actually held up until the whole
string had been entered. Furthermore, many of the
recognition errors observed in the experiment were
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repeated failures to input a particular digit and this
aspect of performance was not modelled. Finally
misrecognition of digits as command words (such as
back) was not incorporated in the modelling and this
was in fact a major influence on actual performance.
These simplifications in the mode! explain why the
predicted recognition values are much lower than the
mean transaction time observed across all trials in
practice. However as these factors should have a
constant effect across all input string lengths, the
pattern of timings predicted by the modelling should
remain valid. Further modelling work is in progress,
which includes more of the relevant factors, to test if
this 1s indeed the case.

5.0 CONCLUSIONS

The present work shows that humans will alter the way
in which they chunk digits when entering data into a
computer by voice as a result of their inputs being
misrecognised. This is a potentially important resuit as
it suggests efficient interactions could be produced by
leaving the timing of feedback to the user’s discretion .

The work also suggests that users may use optimal
chunk sizes to enter data, but further work is needed to
confirm this. A problem with proving that subjects
behave optimally with the present data is that the
differences in transaction times with different digits
chunking is in fact fairly minimal. Thus although there
were significant differences in the input times achieved
using different chunking strategies, these differences
were in the order of a few of seconds at most. It would
therefore be valuable to repeat the present experiment
with auditory feedback as here the trade-offs between
input time and feedback would be much more
pronounced. Such work would require a system which
could detect very short pauses between consecutive user
utterances and interrupt the user with auditory feedback
at that point.
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